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McUiod and kit for quantitative and qualitative determinatioii of human papillomavirus 
Field of the invention 

The present invention relates to a method and kit for quantitative and qualitative 
determination of Iiunum papillomavinis, IIPV, in a sample. More precisely, for quantitative 
and qualitative determination of oncogenic HPV to predict ttie risk of HPV infection resulting 
in cervical carcinoma. 

Background of the invcntibn 

Cervical carcinoma is considered to be the third most common cancer in women in ihc world. 
In 1994 an estimated 55,000 women in the US were diagnosed with carcinoma in situ of the 
cervix, with an additional 15.000 cases of invasive cancer, Although organized or voluntary 
screening is available in a number of countries and a range of interventions exist, about 4.600 
of women diagnosed with the disease do not survive. In Sweden organized screening has been 
In openilion for the last 20 years, but slill about 500 cases of invasive cancer are diagnosed 
annually. Although in tbo US and Europe m^or progress has been made in the control of 
cervical cancer, it remains a significant cause of morbidity and mortaUty in the developing 
world. 

Infection by certain l>pcs of human papillomavirus (IIPV) is the single most important risk 
factor for the development of eeivical cancer. More than 95% of cervical cancer biopsies have 
been fouml to comain DMA of high-risk HPV types, most commonly IIPV ItS. followed by 
HPV 18, 45, 31 and 33. Given the in^rtance of HPV infection in Hhe etiology of cervical 
cancer, a largo mmibor of methods have been developed for detecting of the virus or for 
identi^ng tJie ccUular changes resulting ftom viral transformation. Serological detection 
mclhods have been used lo detect present or recent infection with IIPV, but have a Umitation 
in that not every infected individual develop antibodies. A number of DNA technologies have 
been employed for detection of viral nucleic acid, such as in situ hybridization, restriction 
fragment length polymoiphism (RFLP) and southem-blot analysis, hybrid capture (where a 
DNA-RNA helcrodaplex is recognized by monoclonal antibodies) and various PCR baseil 
assays. Many of the PCR systems developed for HPV detection involve an amplification step 
followed by a separate step for idcntincation of individual MPV types To increase the 
technical sensitivity of the assay when analyzing samples with limited DNA, such as 
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rontialin-nxcd biopsies or archival Papanicolaou O^ap) cervical smears, a nested-PCR has 
frequently been employed; 

Previously an assay based on real-time PCR for the detection and quantification of high risk 
HPV DNA has boon describe<i (Josefsson et al., 1999). The 5' exonuclease assay, employed 
in ical-limc PCR» is based on the ability of the 5' to 3' exonuclease activity of Taq 
polymerase to cleave a dual-labeled, non«6Xtendible, hybridization probe during the extension 
phase of the PCR. 

Using Ibis previously described melhod ii was demonstrated, in a case-conirol study, that the 
titer of IIPV 16 in cervical smears can be used to predict the risk of development of cervical 
cancer in situ (cervical interstitial neoplasia, stage UT; CIN W) (Josefsson et al., 2000; VTlitalo 
et aL, 2000). These results indicate that HPV iita may represent a powerful means of 
delcrmining whether an infection will progress into cervical cancer or be cleared. This 
invention is described in U.S. Patent 6420106 and relates to a method to predict Uic risk of 
progression to virus associated cancer in a human subject. 

Summary of the tuvcutioh 

the present invention relates to a melhod and kit for quantitative as well as qualitative 
determination of human papillomavirus. The method of the invention gives a quantitative and 
qualitative measure as a basis of the predicted outcome of an HPV infection. The method and 
kit of the invention have a wide coverage of oncogenic HPV types without being complex and 
lime consuming. The invention relates to an assay and Idt for simultaneous measurement of 
several UPV types, employing the quantitative ability and dynamic range provided by real- 
time PCl^- The invention has the advantage of detecting and quantifying the HPV types most 
commonly delected in cervical tumors, while minimizing the number of parallel reactions 
perfornied for each sample, making the system suitable for use in routine screening of 
cervical swab samples. According to one embodiment of the invention^ an optinuzed test 
system enables sample determination in two tests and a separate test for normalization. 

Tbus, in a first aspect the invention relates to a melhod for quantitative and qualitative 
dctennination of human papillomaviras (EIPV) in a sample comprising the steps of: 
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i) providing a sample from a patient suspected to be iofbcted by RPV, and optionally 
extracting tlie nucleic acid of tiie sample, ■ 

ii) dividing the sample or nucleic acid from the sample in two or more sub-samples or equal 
aliquots, 

iii) lucasuring, simullaneously, the presence and anioimt of two or more viruses in one of said 
sub-samples by using a specific primer for ampUGcalioa of each virus or group of viruses, 
whereby the primers arc designed not to compete during the amplification-reaction, and a 
qjccific probe for each virus or group of viruses, whereby the probes are designed not to 
compete during the amplification-reaction and the detection phasc» 

iv) dcicnnining the amount of said sample by analysis of a nuclear gone in a given amount of 
another of said sub-samples in a sqsaratc amplification reaction 

v) calculating the amount of each virus or group of viruses per amount of sample 
from Ihc results of steps iii) and iv). 

PrefcrabJy the amplificaiioas in steps iii) and iv) are PCR.ampHfications and more preferably 

ihcroethod isaPCR-based fluorescent S' exonuclease assay. 

The viruses in step iii) arc chosen ftonxHPV 16, 18. 31, 33, 35. 39. 45, 52, 58 and -67. 

HPV 16, 31, 18, 45 is detected and quantified in one sub-sample and optionally HPV 33, 35, 

39, 52, 58 and 67 is detected and quantified in another sub>sample. 

Preferably, the amount of a human single copy gene is detected and quanUficd in step iv). 
niis gene may be HUMPBODA. Homo sapiens hydmxymeihylbilane synthase gene, accnr 
M95623.L 

The method of the invention is preferably used for detection and diagnose of cervical cancer. 

In a second aspect, the invention relates to a kit for detection and quantification of himian 
papifjomavirus. comprising 

a) seven amplification primers and tlirce probes for WPV 16, 31, 18, 45 according to Table I 
and 2 of the specification; and optionally 

b) seven amplification primers and tiuree probes for HPV 33. 35, 39. 52, 58 and -67. acoordmg 
to Tabic 1 and 2 of the specification . 

Preferably, the kit further comprises two amplification primers and one probe, according to 
Table 1 and 2 of tho specification, for detection and quantification of the amount of a hnroan 
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single copy gene, such as HUMPBGDA, Homo sapicas hydroxymcfhylbilanc synthase gcae, 
. accnr M95 623.1 « 

Tn a pfx^fbrrcil embpdimcAt the kit fui^cr comprises at least two different flaorophores, 
Tn one cmbodixncol the kit comprises 

a) seven ampliflcation primers and three probes for MPV 16, 3 1, 18, 45 accoiding to Table 1 
and 2 of thespccifieation; 

b) seven amplification primers and three pcobes for HPV 33, 3S, 39» 52» 58 and -67, according 
to Table 1 and 2 of the specincalion; 

c) two amplification primers and one probe, according to Table I and 2 of the spccincation, 
for deicction and qnantlficaUon of tlie amount of a human single copy gene; and 

d) Ihrec different fluorophores. 

The kil of the invcniion is preferably used for detection and diagnose of cervical cancer. For 
this purpose, the kit may also optionally comprise a cervical swab. 

Detailed description of the invention 
MATERIAI^ AN]> METHODS 
DNA extraction 

Plasmids containing Hi»V 16, 18, 31, 33, 35, 39, 45, 52, 58 and 67 weie used as positive 
controls and lo cstiniate Ihe sensitivity of the assay. The plasmids with integrated HPV were 
tnuisfomtcd into One Shot colls (INV sl F'. Invitrogen TA Cloning kit, Oronlngcn, NF.) and 
positive transformants isolated, grown hi 100 ml LB in 37 ''C ovemiglu and plasmid DNA 
eximcicd using the Qiagen Maxiprcp kit (Qiagcn, WWR). The copy numbers for individual 
plasmid preparations were cslirnated using speclrophotometrical determination of the OD- 

DNA from blood samples, used for development of the human nuclear gene assay, was 
extracted using a standard protocol based on proteinase K treatment, followed by 
phcnol/chlorofona extraciion and cthanol precipitation, DNA fiom formalin-flxcd biopsies 
was extracted using published protocols. DNA purity and concentration was detennined by 
optical density measurements (GeneQuaitt. Phanna Biotech, Casnbridge, England). 
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For sludtcs of the DNA fiom archival smears a modification of a previously described 
protocol v/as used. Brieny, this protocol includes incubalion in xylen to remove the cover 
slip, dcstaining, protciuasc K treatment (60 "C minimum 1 hour) and subsequently a transfer 
of cells to sterile Bppcndorf tubes. Saturated ammonium acetate is then added to precipitate 
the protein. The DNA supernatant is recovered with ethanol, the pellet washed willi 70 % 
cihanol, dried and dissolved in 200 ^il TE-low (1 0 mM Tiis-HCl, pH 7.4, 0.1 mM EDTA). 

Sample preparation from cervical swabs 

For the study of extraction protocols we used cervical swab samples and compared five 
different extraction protocols 

Protocol A is based on frocising and boiling of the samples. Brieny, the cervical swab (or 
brosh) is immersed in 1 ml PBS and swirled to release the ccUs. 250 ^1 of this suspension is 
used in the protocol below. The solution is spun at 3.000 g for 10 min in a tablctop ccniriftige. 
Tlie supernatant is collected and 250 fd, 10 mM Tiis-UCI pH 7.4 is added. The sample is Uien 
vortcxed carcfiiHy to distribute the cells evenly. 100 (il of the solution is transferred to a new 
Eppcndorf tube and both the 100 jil aliquot and the remaining volume (used as backup) arc 
frozen at - 20 *C. The 100 ^1 aliquot is then thawn and boiled in a heating block at 100 for 
10 roin. 'flio tube is briefly centrifuged to pull down cond<aiscd water and 2 of the 
suspension is used for the Taqman reaction. 

In protocol a commercial kit for DNA extraction based on precipitation of proteins 
(Wizard. Prouiega, Madison. WJ, USA) is used. Briefly, the cervical swab (or brush) is 
immersed in I ml PUS and swirled to release the cells. 250 |il of Oils suspension is used in the 
protocol below. The solution is spun at max speed in an feppcndorf centrifuge for 5 min. Tlic 
supernatant is discarded and 300 ^1 Nuclei Lysis Solutton (Wizard kit) is added. The solution 
is mixed by pipetting and incubated at 37X for I h. The sample is cooled to RT and 100 fjil 
protein precipitation solution (Wizard kit) is added. The solution is then vortexcd for 10-20 
see .ind centrifugal at 13-16.000 g for 3 min. The supernatant is transfotrcd to a new 
Eppcndorf tube with 300 \i\ isopropanol (at RT), the solutions mixed and centrifuged at 13- 
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16.000 g for 1 mil). 'ItiW supemataot is removed and ttie poliel washed with 70% elhaaol and 
cenUifiigcd again ai 13-16.000 g f<)t I min. Finally, the ethaool is removed and the pcUel air 
driol. The pellet is dissolved in 100 \A of Rehydration solution (10 mM Tris-HCl, 1 inM 
CDTA, pll 7.4), incubated at CS^C for lb and 2 |aI nsed for each Taqman reaction. 

Protocol C is based on proteinase K digestion of tlie samples. Briefly, Ihc epical swab (or 
brush) is immersed in 1 ml PBS and swirled to release the cells. 250 ^1 of this su^ension is 
used in the protocol below, the solution is spun at max speed in an Eppcndorf centrifuge for 
5 min. The supernatant is removed and a Proteinase K solution (148 digestion buffer Cfris- 
basc 50 mM, 0.5 % Tween 20, 1 mM EDTA) and 1.95 jaI proteinase K (20 mg/!ml) is added. 
Tbo sample is incubated at SS^C for 2 hr and the proteinase K inactivated at SS^C for 5 min. 
The saiiiple is finally ccutrifuged for 5 min utd 2 )tl of the top phase used ibr each Taqman 
reaction. 

Protocol X) includes organic extraction 0>hcnol/chloroforai) of the samples. First, protocol B 
above is used including the addition of die Nuclei Lysis Solution (Wizard kit) and incubation 
at 37''C for 1 h. Then 300 nl of equilibrated phenol is added to the sample. The solution is 
mixed, spun and llic water phase extracted once more with phenol, then with chlotofoim and 
tlie DNA is collected by ethanol precipitation, the pellet is washed and dried and dissolved in 
100 fd Tf\ low. 2 jd of tlie dissolved PNA preparation is used for each Taqman reaction. 

Finally, in protocol E, a commercial kit for DNA extraction based on binding of nucleic acid 
to glass beads (NucUsens. Nasba diagnostics, Organon-Teknica, Boxtel, NT-), is used. Lysis 
buffcf and wash buffer is heated to 37'C for 30 min (vortex every 10 min.). The wash buffer 
and lysis buffer is snbscquentty cooled to RT. The sample (10-200 ^il of cervical swab 
solution) is dicn added to 900 )il Lysis buffer, the mixture is voitexcd and the tube spun at 
10.000 g for 30 sec. The siUca solution is voitexcd until it becomes opaque, 50 is added to 
each san\plc and the mixture vortoxed. The tube is incubated at room temperature for 10 min. 
and vortcxcd every second minute. The silica beads arc spun down at lO.OOOg, 30 sec, the 
stipcmaiant is removed and 1 ml wash buffer added. The pellet is voitexcd until dissolved and 
washed first with I ml 70% ethanol (twice), and then with I ml acetone (once). Residual 
acetone is carefully removed (with a 100 |tl pipette) and thepcUet is dried at 56«C for 10 min. 
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When the silica pcUet is dry, SO {il elution buHiar is added and fhe tube vorlexcd umil 0io 
pellet is dissolved. Tlic lube is incubated at S6^C for 10 xmn, wiih intcfmittcnt vortoxing to 
avoid sedimentation of the silica. The samples are ccntriruged for 2 mva at 10.000 g aod tbc 
supernatant (30-35 transfetrod to a new tube. 2-5 ^l for supemalant is used for each 
Taqnian reaction. 

Primers 

Oligonucleotide primcis 15-24 bp were designed using die program Ollgo vs 6.6 (Dynal AS. 
Oslo) and Primer express (ABT, Foster Qfy, CA, USA). 

Probes 

The probes were 22-30 bp in length to ensure a higher Tn» than for the primers. The probes 
were synthesized by Applied Biosyslems, Cheshire. UK and Gybcrgenc (Huddingc, Sweden), 
made such to avoid a guanosine at the most 5' cmd and HPIX: purified prior to use. 

Itcnl time PCR 

The PCR amplification was pcrfonned in a 25 ^l volume containing Ix Buffer A (Applied 
Biosyslems. Foster City, CA, USA), 3.5 mM MgClj, 200 nM each of dATP. dCfP. dGTP and 
400 nM dUTP (Phannada Biotech, Uppsala, Sweden), 0.625U AmpliTaq Gold (Applied 
Biosystems. Foster City, CA, USA), 3.1 jig BSA (Sigma) and 200 nM of each primer and 
probe, and DNA (according to the extracLion protocol). 

Amplification and detection was pcrfonned using a 7700 Sequence Detection System 
(Applied Biosystems, Inc.). The amplification ramp included an initial hold ptogtara of 10 
niin. at 95 "C to release the activity of the Taq DNA polymerase. The hold step was followed 
by a two-step cycle consisting of 15 sec. at 95°C and I min. at 57*C. In the development of 
the assay wc used 50 PCR cycles, while in the analysis of cUnical samples only 40 cycles 
were used due to the high efficiency of the PCR. Tubes, including all PCR components, but 
without template DNA (denoted NTC reactions), were used to ensure diat the reagents mix 
wctc free of contamination. 
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Calculntions. 

Tho Sequence PctccUon System software (Applied Biosystems, Foster City, CA» USA) was 
it$cd lo produce a file wiih raw data. A dedicated software was used for the calculation of 
. thrcsliold cycle number and conversion inlo UPV copy numbers per cell. 

Slalislics 

Staiislics and graphs were produced using Microsoft excel, Statvicw and SAS. 
RKSUf.TS 

Tho results of the hwention will be described, below in association with the accompanying 
figures. 

I'ig. 1. Standard curves for a) the f IPV 16 and b) the IIPV 31 assays. The threshold cycle (Ct) 
niimbcr is ploUed against the log copy number of HPV, The points represent the mean of 12 
imlq^cndent measurements. 

rig. 2. Standard curves for a) the IIPV 18 (solid line) and HPV 45 (dashed line) and b) the 
IIP V 33 group (33, 52, 58, 67) assays. The threshold cycle (Ct) nimiber is plotted against the 
log copy number of IIPV. The points represent the mean of 12 independent measurements. 

Pig, 3. Standard curves for a) Oie IIPV 35 andb) the HPV 39 assays. The threshold cycle (Ct) 
number is plotted against the log copy number of HPV. 'ITic points represent the mean of 12 
independent measurements. 

Pig. 4. Slandanl curves for the human gene (HUMPBGDA) assay. The threshold cycle (pt) 
number is plotted against the log copy number of HPV, Tho points represent the mean of 12 
imicpendcnt measurements. 
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Fig. 5. Analysis of individual HPV types ia syn&elic mixtures made to mimic mixed 
infections: a) detection of HPV 18 in a background of HPV Id. b) detection of HP V 45 in a 
background of HPV 16, c) detection of HPV 31 in a background of HPV 16. 

Fig. 6. Comparison ofthc thr^hold cycle (Ct) values in two independent runs of the same set 
of cervical smear samples. . 

Viz- 7. Stability of ihe assay reagents at three diffcreiU storage temperatures: a) -aO'C (4 
time-points), b) -4*0, (7 time-points) and c) (6 time-points). The bare refer to the Ct 
values of samples at difTercnt lime points for individual samples. 

Fig. 8. Comparison of the assay rcsulte of using different extraction protocols: a) HPV assay. 
I'rotocol A versus Protocol £>. b) HPV assay. B vs A c) HPV assay, C vs A d) Nuclear gene 
assay, A vs If, e) Nuclear gene assay. j& vs A 0 Nuclear gene assay. C vs D. 

Fig. 9. Frequency dislribulion of HPV typ,» in a casc/cotttrol materia) of cervical smear 
samples. 

Rational and design of the method and kit of tbe invention 

The method and kit of the present invention were designed to pennit viral load estimates for 
the range of HPV types most frequently found in different grades of cervical interstitial 
neoplasia (CIN l-TH) and cervical tumors. While the set ofHPV types varies between studies, 
wc focused on HPV 16, 18. 31. 33. 35. 39, 45. 52, 58 and -67. These HPV types are found iii 
about 80-90% of ca.scs with cervical cancer w situ and invasive cervical cancer and, tlms. the 
test has the potential to detect 80-90% of women with an oncogenic HPV infection. 

11)0 IlPV types detected by the assay differ substantially at the nuclcolidc level, nece.<isitating 
the use of a series of PCR primers and compUcatii« the development of a typing system 
cwpable of detecting a range of HP V types. The real-time PCR method chosen has a very wide 
dywiumc range and excellent characteristtes for quantification, but works optimally with the 
commercially available soaware only when a single target is assayed and quantified in each 
reaction. Since our assay was intended for large scale screening purposes and clinical typing. 
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pctfonvung a single PGR assay for eacb HPV typ& would he sub-opiimal. Given these 
limitsUons the assay designed is perlbnncd ia ^rcc reaction tubes. The assay is based on 
three parallel rcal-tiinc l^CRs from each patient sample: a) Reactioii I detects and quantifies 
IIPV types 16, 31, 18 and 45 (HFV 18 and 45 detected and quantified together) using &rec 
difTorcnt Cluoiophores, b) Reaction 2 detects and quantifies HPV types 33. 35, 39, 52, 58 and 
67 (HPV 33, 52, 58 and 67 detected and quantified together), again using three difTerent 
fluorophorcs, and c) Reaction 3 detects and quantifies the amount of a human single copy 
gene (HUMPBGDA, Homo sapiens hydroxymethylbilane synthase gene, accnr M95623.1). 
Reaction 1 inchides a total of seven PGR primers and flirec probes. Reaction 2 a total of seven 
rCR piimers and three probes and Reaction 3, two PCR primers and a single probe (Tables 1 
atul 2). 

Primers and probes were designed to optiraizo the ability for balanced co-amplification of 
dilTcrcnt IIPV types in mixed samples. In order to find the most suitable priming sites for co- 
ainplification, and avoid lundrances to an efficient PGR such as regions with strong secondary 
sUiiciurc, the ainplicons wcro located in different HPV reading frames. Consequently, in 
RcacUon 1 the amplicon for HPV 16 is located in 157. that for HPV 18/45 in El and tlie 
amplicojt for HPV 3 1 in E6. The amplieons delected in Reaction 2 are located in LI (HPV 33, 
52. 58. 67). B7 aiPV 39) and E4 (HPV 35). The PGR primers for ^e human gene span an 
in<it>n-exon junction (nts:4750-4868). 

TecholC9l sensitivity and specificity 

Tlic sensitivity and specificity of the IIPV assay was detemuned using plasmids containing 
the entire gctiomc of the different HPV types studied, logctlier with 33 x lO"* g human 
genomic DNA to mimic the complex nucleic acid environment present in an amplification 
fmm genomic DNA (such as cervical smear samples). Plasraid copy numbers were calculated 
from OD measurements and dilution scries were made with lO' -IO'HPV copies and high 
molecular weight human genomic DNA (lacking integrated HPV) was added. Standard curves 
rangiiig from lO' -lO' copies per sample were constructed for each of lite HPV types, or 
groups of IIPV types, based on 12 independent measurements for each HPV copy number 
(Fig. I - 3). A highly significant linear regression between HPV copy number and threshold 



-OCT-02 TUE 10:0 DR LUDHIG BRANN PAT fS. ^(M 018 588938 

.018 5^939 

.... 

it 

cycle (COt representing PCR cycle number aOt which flie si^al exceeds a ^vca bascliite, is 
seen for all iho ITPV types tested. Since in the typing assay HPV 18 and 4S use the same 
probe and therefore are detected toother, it is vital diat ^e standard curves for these two 
IIPV types arc very similar. Indeed, the curvK for IIPV 18 and 45 do not only have the same 
slope but also the same intocept. Simjilarty, the HPV ^es 33, 52, 5S and 67 arc detected 
together, using a single probe, Their standard carves have the same slope but differ somewhat 
with respect to intCTccpt. This may result in a lower precision v*cn viral types within this 
group are quantified together. Despite the variation seen in intercqjt seen between HPVs 33, 
and 58 rclnitve to 52 and 67, the assay is able to quantify the amount witli sufticient accuracy. 
Finally, a significant linear regression was seen between copy number of the human single 
copy gene and threshold cycle (Fig. 4), The variation seen in the HPV and human DNA 
qujmlificalion systems, expressed as the Q, is shown in Tables 3 and 4. The mean standard 
deviation (SU) of the Ct values for the HPV assay was 0.89. with the higher values seen for 
the lower copy numbcn? (Table 3). The mean standard deviation (SD) of the Ct values for the 
luiman gene system was found to be 0.85 (Table 4). 

'fhc speciCcity of the HPV system wer6 tested by detemiining the abiUly of the primer and 
probe combinations in Reaction I and Reaction 2 to discriminate against plasmids with 
dilTcrcnl HPV types. The specificity of the reagents in Reaction 1 were tested by analy/.ing 
the signal with the HPV types detected in Reaction 2 (i.e. with HPV 33, 35, 39, 52. 58 and 
67). No signal was observed with any of these IIPV types at 10* initial viral copies (data not 
shovny). Siutilarly. the specificity of the reagents in Reaction 2 were tested by analyzing the. 
signal with the HPV typos detected in Reaction 1 (i.e. for HPV 16, 18, 31, 45). No signal was 
observed with HPV 16, 18, 31, or 45 at a concentration of 10* initial viial copies (data not 
shown). The system lias riot tested for specificity with respect to other HPV types. However, 
the Reaction I and Reaction 2 reagents were designed io be specific for the individual HPV 
types (using seqaence alignments from a large mmtber of HPV. types) and Reaction 3 for the 
nuclear gene (using gene bank and BLAST searches), respectively. Also, an ePncient teal- 
time PCR assay is dependent upon the homology of the oligonucleotide probe to the target. 
As indicated before, about 80-90% of tjic women diagnosed with cervical tumors are infected 
with single or multiple IIPV of the types detected in this assay. The 10-20% of the remaining 
tumor biopsies not infected with any of the types in the assay are likely to contain any of a 
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large number of other IIPV typ^. each oocuciing in very low frequency. Since this assay is 
not designed to detect these aiUitional H?V types, the rale of false negatives in women 
diagnosed with severe cervical interstitial neoplasia or invasive cancer is estimated to 10- 
20%. 

Anaiysiis of mixed Infectious 

In a ivcvious study of cervical cancer biopsies from Swedish patients about 5 % of Iho 
sartipJes were infected with several HPV types (Ylitalo ct al., 1995). Thus, an important 
aspect of the present invention is dje ability to detect mbced infections between HPV 16 and 
any of the other more frequent types found to be associated with cervical cancer, such as HPV 
18, 3 1 and 45. We tested tlie ability of our fluorescent 5' exohuclease assay to correctly detect 
and quantify HPV tiler in samples with multiple infections, by producing synthetic mixtures 
of known IIPV copy numbers using HPV plasmids, in a bai^gcound of 1 ng of high 
molecular weight genomic DNA. per reaction. First, we tested detection of HPV 18 in u 
background of HPV 16. For the range 10? to lO' copies of HPV 16, we tested the ability to 
cocrcctly quantify the amount of HPV 18 over the same range of copy numbots. For example, 
for 10' copies of HPV 16 we tested the quamincatton of 10* to 10* copies of HPV 18. The 
results are shown graphically by relating the log of HPV 18 copy number to the Q. A separate 
Une is given for each copy mmibcr of the background HPV 16. ITie effect of a background 
HPV type on the conrcct quantification is seen an a deviation from the linear relationship 
expected between log HPV copy mmiber and tlircshold cycle. In the case of quantification of 
HPV 18 in a background of HPV 16, the assay is able to corrccUy estimate the HPV 18 copy 
nujnbcr in the rang© 10* - 10^ copies in a background (mixed infection) of 10* to 10* copies of 
HPV 16 (Fig. 5a). At lO' copies of HPV 18 it can stiJI estimate the copy number although 
there is a sliglit deviation from the linear relationships at background levels of HPV 16 
between 10* to iO* copies. At lO' copies oFHPV 18 it can correctly estimate the copy number 
across the whole range, except in a background of lO' copies of HPV 16. These results show 
ih:tl the assay is able to quantify the amount of HPV 18 in a background of HPV 16 as long as 
the HPV 18 occurs In at least 1-10% of the copy number of HPV 16. Similarly, reverse 
experiments (detection of HPV 16 in a background of HPV 18) demonstrate that an infection 
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of HPV 16 can be d6tc<^ in ft badcgioiindof BPV 18, as Jong as Ac UPV 16 occurs in al 
least 1-10% of ttio copy number of HPV 18 (data not shown). 

A mixed iafection that is likely to occur is HPV 16 together with eiflier HPV 31 or HPV 45. 
HPV 45 can be correcLly quanlifled at copy numbers between 10'-10^ in a backgiYiund of KK* 
to 10* HPV 16 copies (Fig 5b). TJio only exception is at 10* copies of HPV 45 and 10* copies 
of HPV 16. when the ability to coirectly quantify HPV 45 is reduced. Similarly, rcveisc 
experiments (dcteoliou of HPV 16 in a background of HPV 45), demonstrates that an 
infection of HPV 16 can be detected in a background of HPV 45 as long as the HPV 16 
occurs in at least M0% of the copy number of HPV 45 (data not shown). HPV 31 can be 
quantified in the range 1 0* to 10* copies, with a background of HPV 16 in Uio range 10* to 10* 
copies (Fig. 5c). Only in the ratio of 10* copies of HPV 31 lo 10* copies of HPV 16 is Uicre no 
signal from HPV 31. The reverse experiment, U. when quantifying HPV 16 in the 
background of HPV 31,. shows Uiat when the HPV 31 copy number is in the range lO' to 10* 
copitt! is it possible to quantiiy HPV 16 copy numbers over the range 10^-10* (data not 
shown). At higher HPV 31 copy numbers, Oie quanUtative ability with respect to HPV 16 is 
reduced. Based on the combinations of HPV types tested, that mimic the most common types 
of mixed infections, the assay is able to correctly quaaliiy tbe amount of a HPV type as long 
as it is represent at least 1-10% of the copy number of the major HPV type. 

Kcprodacibilily 

'n»o reproducibility of the test was studied by repeated measurements of the HPV copy 
numbers and human DNA in a series of clinical samples. 

Mtad4horj«o|XJSPnidi^^ 

A sot of clinical samples were analyzed by three diflferent technicians (opctators) in the same 
liiboKUory and xising the same reagent lot The sample DNA was extracted according to 
protocol D (sec materials and methods). ITie correspondence between qwaators with respect 
to HPV posiiivi^y (+/-) is 98.6% (139/141) and the mean standard deviation in the Ct values 
between operators is 0.62 units CTable 6). The eonespondcnce in Ct between repeated 
analyses of a set of clinical samples is shown graphicaUy in Fig. 6. In fliis experimcnl a set of 
cervical swab samples were analyzed using Reaction I and 3. A statisUcally significant linear 
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regression is seen bctwcca ihe results of the two independent ^perimsnts 0^»0.99» 
Pi'0.000l)(Mg.6). 

J^t'to-l ot rcDioducibilitv 

A set of clinical samples was analyzed by a single technician using three difTcrent reagents 
lots. The sample DNA. was octraeted according to protocol D (see materials and methods). 
'Ilic corrc^ondence between different lots with respect to IIPV posttiyilv js 100% (141/141) 
and ihc mean standard deviation in the Ct values bc^ecn the difTetent reagent lots Is 0.75 Cl 
unitsCrabIc?). 

ReiLroduci bilitv over time 

The set of clinical samples was analyzed by the same technician once cv«y week during a 
period of (bur weeks, using the same lot of reagents. The sample DNA was extracted 
according to protocol D (see materials and methods). The correspondence between tlie 
different time-poriods with respect to HPV positivity is 98,9% (186/188) and the mean 
standard deviation in the Ct values between the different time points is 0.19 Ct units (Table 
8). 

fifilLCtalyadatiojiiu m easuremc ats of ^1^6 tfigt 

The variance in the Ct estimate for amount of HPV or human DNA was calculated using the 
GLM Procedure in S/VS* System. Intra-laboratory variance (Vai(error)) amounted to 1.57 Ct 
units, lot'to-lot variance to 1.45 Ct units, and the variance over-time to 0.76 a units. Tho 
overall average standard deviation of mcasimjments was 1.1 Ct units. As the measurement 
range of tlie system is rou^ly 20 Ct units (firom Ct 15-35), the average variation of the 
s>«tan ( 1 . 1 Cl) ropiesents about 5% of the range. 

SlahiJity 

The stability of the assay reagents was examined by studying the amount of IIPV and human 
IWA in a scries of clinical samples. The sample DNA was extracted according to protocol D 
(see materials and meOiods). The same lot of reagents was employed and the llwec dincrcnl 
sioragc tcmpcralures tested were -20X. +4-C (fridge), and +30 *C (accelerated room 
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temperaturo stability test). For the -20^C test, 33 IIPV positive samples and 14 samples with 
humnn DNA were tested once every week (a lest period of 28 days), using the same batch of 
reagents. No sigiitficaDt diangc was seen in perfonnance of any of (ho assays tested over ibc 
test period (Fig 7a). Tbs average SD between time points wore for HPV types SD = 0.81 Ct 
(IWy 16, Sr> « 0.60; WPV 31. SD =» 0.71; HPV 18/45. SD « 0.S8; the HPV 33 group, SD « 
M; IIPV 39, SD « 0.91) and for the human DNA SD = 0.86 Q. For the +4 "C test, five IIPV 
positive samples and three samples with hiiman DNA were tested seven times over a period of 
30 days (day 3, 6, 10, 13, 17, 20, 30), using the same batch of reagents. No signiCcant change 
was seen in performance of the assay in quantifying the HPV types (IIPV 16 and 52) or the 
human DNA over the 30-day test period (Fig 7b). the average SD between time points were 
for ilio HPV types SD « 0.79 Ct (HPV 16, SD = 0.88; HPV 52, SD « 0.69) and for the human 
DNA SD « 1.4 Ct. For the +30*C test, six HPV positive samples and three samples with 
huuwn DNA w«arc tested six times over a period of 13 days (day 1, 2. 13, 16, 10, 13), using 
Ihc sanie batch of reagents. There is no significant change in perfoimance for the in»V types 
(HPV 16 and 52) and the human DNA over a period of six days (the initial four samplings) 
(l*ig 7c). The average SD between die first 4 time points were for the HPV types SD = 0.71 Ct 
(HPV 16. SD 0.84; HPV 52, SD « 0.83) said for the human DNA SD = 0.77. After six days 
U\c reagents fail to function simultaneously for the HPV typing assay and for the human DNA 
assay. 

In summary, the tests at -'20'C and +4«C show that the variaUon over the period studied, 
wlion pcrfonncd by the same technician and using reagents from the same lot, is about 1 Ct 
unit. This is similar to the degree of variation seen in lot-lot comparisons or between 
operator.<j. Tlius, storage at these temperatures over the time periods indicated, docs not have 
any measurable effect on the test reagents. At +30*C the reagents foiled to produce test results 
aher 6 days. Reagents for both HPV and human DNA failed at the same time point. 

In order to study the perfomiancc of the assays on samples of diflcrent purity, five difierent 
cxtracdon protocols were compared using two different experimental designs. In the first 
experiment a set of fresh frozen cervical swab samples were each divided in four equal 
aliquols and subjected to the following extraction protocols; A. FtcczeAjoiling, B. Wizard kit. 
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C. Digestion. D. Wizard digpslioa followed by organic extraction, as detailed in the materials 
and methods. The results of the Taqman assay, using the three first protocols were compared 
to il\at of the fourth protocol (used as gold standard). In studying the data for the H?V assay a 
lincnr roeresslon analysis based the samples that scored HPV positive using protocol D, 
shows that protocol B yields the highest correlation to the Q obtained by /) (i^ 0.866. 
p<0.0001) (Fig. 8a). Protocols A (t^ ^ 0.974, p<0.0001) and C (r^ = 0.627, p<0.002) gives 
lower rcgiessioM coefficient with the data from that of 2> (Fig. 8b,c), In comparing the data for 
the Imman gene, the differences between the extraction protocols arc more pronounced. 
Again, the results of protocol B show the highest conrclaUon to method i> (r^ « 0,771, 
P<0.0001) (Fig. 8e). Both protocols (i* « 0.649. p<0.068, non-significant) and C (r* « 
0.204, p<0.127, non-significant) yield daU that does not show a significant coiwlation with 
that of D (Fig. 8d,f). Notably, protocols .4 and C result in a number of samples that score 
negative for honum DNA, preventing a nonnalijMtion of the amount of HPV. Tlius. Uie results 
indicate that relative to the organic extracUon protocol, which is usually considered unsuitod 
for clinical use. the Wizard kit or ttie quids protocol with a proteinase K digestion are to be 
preferred over the veiy simple frcezing^iling procedure. 

Given die results of our comparison between extraction protocols A-D and the widespread use 
of tiie fteczing/bolUng method we performed a second experiment using at set of cervical 
swab samples coUccccd during routine gynecological health controls, and applied yet anotl\cr 
conunercial sample pr^araUon method that is frequently being used in diagnostic virology 
laboratories; the Nucllseais kit. ITie samples were first extracted using the freozci1)oinng 
method (i>rotocol ^) and a Taqman assay pcrfonned (Table 8). A number of the samples 
faile<I to show the presence of human DNA, although HPV typing proved successful. After 
application of the Nuclisens kit. the Taqman assay was again performed on these samples and 
a much higher frequency of samples showed measurable amounts of human DNA (Table 8). 
Thus, the application of the Nuelisens protocol ptesumjibly resulted in the removal of 
iithibitoiy agents and a more reliable Taqman assay. The samples used had been previously 
typed using a separate PCR based assay for scoring Uie HPV positivity (using tlie GP5/6 
pcimcrs). The result of the Taqman assay with jrcspect to HPV posiUvity was congruent with 
the remits o f tlie previous method (Table 8). 



OIHXTHE TUE lb:(|^ PR LUDMIgWi PAT * . Fffiflf 



FffiTW 018 568839 , 

20G2 - 

Analyst of clinical samples ' 

/Iho assay was t^ed on a set of oyer 4723 DNA samples extracted from aicbival cervical 
smcsira taken at roittinc ticalih controls to examine ihc perfonnance of the assay (Josefsson ct 
al., 2000). 'fhcse samples were collected as part of a large case/control study, where cases 
were diagnosed with cervical caixcer in situ. Of tlie 4723 samples, 4268 (90.6%) gave a signal 
for ihc humai) single copy locus. Among the samples positive for the human gene, the most 
prevalent HHV type is. as expected HPV 16, with a ireqacncy of almost 22% (Fig. 9). The 
other fJPV types are each found in less than 10% of the samples. Among tiiis set of samples, 
185 were infected with at least two HPV types (16/31, «=»39; 16/18-45, rp<fS; 16/33 group, 
»-*40; I8w45/3l. /j«23; 16/39. »--6; 16/35, «=2) and nine samples woie infiwtcd with at least 
three HPV types (16/18-45/31. nHJ; 16/31/33 group, »i«l; 16/18-45/33 group. ii-2). In tho 
mixed infections of ITPV 16 and IIPV 18/45, the ratio varied from a high of 450 JI[»V 16 
copies per cell in 3 HPV 18 copies per cell to, in the reverse case. 13 HPV 16 copies per cell 
in 2083 ITPV 18 copies per cell. Jh the mixtod infections with HPV 1$ and 31, the raUo varied 
from 1 964 HPV 16 copies per cell in 55 UPV 31 copies per cell to. in Uie reverse case. 9 HPV 
16 copies per ccU in 697 HPV 31 copies per c^ll. These results demonstrate the ability of tlie 
assay in analyzing mixed infections in clinical samples. 

DISCUSSION 

ITie present inventors have developed a quantitative assay for a range of HPV types, suitable 
for clinical, use. A number of methods arc available for the detection of HPV in clinical 
samples. Dichotomous I IPV typing (detection of presence or absence of the virus) has limited 
clinical uUHty duo to the high prevalence of the virus and the fact that most infections clear 
without an hateivention. Tn the Ughl of the observation that high HPV 16 DNA tiler is 
associated with a significant risk of developing cervical cancer m situ (Joscfsson ct al., 2000; 
Yliiulo ct al., 2000). analyses of viral titer may have a diagnostic use. Suitable mcUiods for 
such a liter test must have a xvide dynamic range, must be easy to use and pcimit a range of 
the highly divergent HPV types associated with the development of cervical dyspla.<:ia to be 
assayed. The present inventors have focused on the real-time PCR since this assay has a 
number of advantages over other PCR4)ased methods: (i) requires no forthcr laboratory steps 
afler amplification since data is collection occurs during amplification, (ii) allows for use of 
multiple detection probes in ttio same reaction, and (iii) has a wide dynamic range (iv) is a 
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homogeneous assay with a close tube system that limits ihe potential for contamination of 
PCR products. The present invoiloTS have extended the usefiilness of this method by 
quantt^ng titrcc diCTcrent fluocophores in cadi reaction tube^ limiting the number of pamllel 
rcaciioii that liavo to bo performed. Several oihor systcnis for quantiCoation of HPV are based 
on Uie use of an internal control (1.6. co-an^liflcation of a human gene) and a comparison 
between the amount of HPV PCK product and human gene PGR product, using an end point 
uicHsurc of the PGR. The present inventors choose to design our system with an external 
cooirol, to avoid any competition between tfie amplieons of the HPV and the human gtmc 
since such competition may lead to an erroneous csUmate of the copy number per cell. 
Compclition between an internal control and a HPV PGR product may result in an 
underestimate of the XIPV copy number for samples with low viral load and an overestimate 
of TfPV copy number in .samples with high viral load. A system with an internal control may 
therefore tend to reduce Uie range in IIl*V copy number among samples. The IIPV copy 
number per cell in our samples span over a very wide range. Using a system with an inicriMi 
control over such a wdo range of copy number would most likely limit the resolution of the 
data substantially. 

A separate assay was developed for a single copy nuclear gene, rather than using 
commercially available assays. Using our human single copy gene assay, the IJPV copy 
numbere can be ttormalized for the amount of genomic DNA (equivalent to the number of 
cells included). Given the variation both in (he amount of HPV copies between samples and 
the amount of genomic DNA between samples, such normali^tion by the number of cells 
appears necessary to obtain comparable and meaningftil HPV titer estimates. Such a measure 
docs not indicate the number of infected cells, or the relative distiibulion of HPV genomes 
among colls. However, since the mean number of HPV copies per cell is associated with an 
increased risk of cancer development, such a measure represents a useful diagnostic indicator 
independent of the intra- and intercellular distribution of HPV molecules (Josefsson cL al., 
2000; YJitalo ct al., 2000). An important aspect of any diagnostic technique is the ability to 
idci>lify false negative samples, resulting either Irom insufficient amount of starling DNA. or 
the presence of inhibitors to the PGR. The lack of a signal for the human gene assay either 
tndicjitcs iho presence of inhibitors or insufScient amount of DNA in the assay. Indeed, in Uie 
comparison of sample extraction protocols we noted that in using one of the faster protocols a 
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number of samples foiled to give a signal for ihc human singlo copy gene Most of these 
snmplos gAvc a positive result with fhc naclear gene assay when ihe samples had been further 
puiificd. 

The assay described iii based on standard curves , generated from plasnUd dilution scries. 
Application of such curves to clttucal samples relies on that inhibitors are not present in the 
sample. Severe inhibition can usually be detected through the nuclear gene assay and the 
addiiiou or agents such as BSA in the reaction mix reduces the effect of most inliibits. 
Nevertheless, some sample types may require new standard curves to be generated. For 
inslaiicc, in analyzing fbnnalin-itxed paraffin embedded samples it is necessary to quantify 
Ihc extent of inliibition using, for instance, the human control assay, before HPV titers can be 
accurately estimated. A similar problem may occur when analyzing archival Papanicolaou 
slainctl smears (Joscfsson ct al., 1999). At high DNA concentrations, P^anicolaou stained 
smears show inhibition of the PCR (Joseftson et al.. 1999). For quantification of viral copy 
numbers from tissue samples where BSA does not remove the inhibitory effect, the standard 
curves used have to be derived fiom DNA samples handled in an ideaUcal way to that of Ute 
biological samples. 

An iniporiBiit aspect of the assay is the ability to quantify individual HPV types in mixed 
infecUons. lltoro arc indications that the copy number in infected cervical cells dilfcis not 
only between different stag^ of dysplasia (Josefsson ct al., 2000; YKtalo et al, 2000; Swan et 
al.. 1999) but also between IJPV typos (Swan ct al.. 1999). Tlierefore. a diagnosUc assay must 
have the ability to identify and quantitatc individual IIPV types in a mixed infection. For most 
combinations of IIPV types in our synthetic mixes, the assay showed an ability to delect and 
quantify an HPV type, as long as it represents at least 1-10% of the amount of tlie major HPV 
type. When i{?c ratio betv/cen HPV types is less than 1/100, the reduced sensitivity is likely to 
be due to a competition between the PCR products of different HPV types. For clinical 
samples infected with several HPV types Uic ratio vary widely, cmphasizuig the need for an 
asssay that can provide rcii;d>lc quantitation over a wide range of ratios. 



In mmmary, the mciliod and kit of the invcmion as exemplified by the fluorescent S' 
cxonucleasc a.«5say. described has a number of characteristics that make It suitable for 
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quaiUificatton of JTPV viral titers. Other assays exist that have a wide coverage of viral types* 
but require complex post-PCR analysis, making thmi unable to compete with (he ra]Mdily» 
convenience and flexibility of the PCTt-bas^ fluorecent S* cxonucleasc assay. 
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Tabic 1 . The PGR primers used in Reaction 1, Rcoclion 2 and Reaction 3, In denoting the 
probe. .F refers Co forward and R to xeverse primers. Itio primes arc located in the following 
FcaUtug frames E7, 126, Bl, E4 and LI as given in the primrar name and the text, lite 
HUMPIJGDA priincrs span an exon-intron border (see text). 



Tyi^e and uame 


Direction 


Specific to 


Sequence (5' to 3') 


ri6E7 


5' to 3' 


HPV 16 


AGC TCA GAG GAG GAG GAT GaA 


R16K7 


5' to 3' 


IIPV 16 


GOT TAC AA 1 ATT OTA AlG OGC TC 


P18BI 


5' to 3' 


IIPVIS and -45 


CAT TIT OTG AAC ACQ C3AO AGC 


RISHl 


5' to 3' 


HPV18 


ACT TOT OCA TCA ITO TQO ACC 


R45UI 


5' to 3' 


IIPV4S 


CAA CAC CTG TGC AlC Alt CTO A 


r3lE6 


5' to 3' 


HPV31 


ACG ATT CCA CAA CAT AGG AGO A 


R311KJ 


5* to 3' 


HPV31 


TAC ACT TGG GTT ICA G TA CGA GG'l 


r35li4 


5'to3' 


HPV35 


GCC TGC TCC GTO OGC 


R3S1^4 


5* to 3' 


HPV35 


GCA CTG AGT CGC ACT CGC 


r33Ll 


5' to 3' 


HPV33,-52,and-67 


COT CGC AGO COT AAA CG 


l«58Ll 


5' lo y 


HPV58 


GCG TCG CAG ACQ TAA ACG 


R33/ctcLl 


5' to 3' 


nPV33,-52,-58and-67 


ACA GGA GOC AGG TAC AC 


F391Z7 


5' to 3' 


HPV39 


CGA GCA ATT AGO AGA QTC AQA QC, 


R39B7 


§•10 3' 


HPV3S) 


TGT GTO ACG CTG TGG rirC AT 


tlUMPBQDAF 
lUJMPBGOAR 


5' to 3' 


The HUMP» locus 


GCC TGC AGT TfG AAA TCA GIG ' 


5'to3' 


The IIUMPB locus 


CGG GAC GOG CIT TAG CTA 
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Tdblc 2. 1'he Taqxnaa hybridisation probes used ia Boaetion 1 (Pb 1.1. 1.2 and 1.3). lii^ction 
2 (l>b 2. 1 . 2^ and 2.3) and Reaction 3 (Pb 3). 







fiuofophoce 




fluoTOphorc 


?bl.1 


HPV16 


FAM 


CCA GCr GGA CAA GCA GAA 
CCGG 


TAMRA 


Pbl.3 


HPV18&.45 


VIC 


AQA GAC AOC ACA GGC ATf 
OTTCCATG 


TAMRA 


Pbl.2 


HPV31 


TBT 


CTC CAA CAT GCT ATG CAA 
CGTCC 


TAMRA 


Pb2.1 


I1PV33, -52, -58 and 
-67 


FAM 


AGAT GTC CGT GTG GCG 
GCCTAO 


TAMRA 


Pb2.2 


1JPV3S 


VIC 


CAG AAG ACA AAT CAC AA A 
CGACTTOGAQGG 


TAMRA 


Pb2.3 


HPV39 


TET 


AAC CCG ACC ATG CAG TfA 
ATCACCAAC 


TAMRA 


Pb3 


HUMPB (human 

gene) 


VIC 


TGG AAG CTA ATG GGA AGC 
CCAGTACC 


TAMRA 
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Table 3, a) The variation in Ct for difTcrent copy numb^ of HPV types in Reacdoa 1. Values 
arc based on 1 2 independent measurfoarals at each copy number. 





No ofHPV conies 


1 OE-f 06 


l.OE+OS 


l.0E-i04 


1.0E4O3 


l.0E-t02 




IfPV copics/fil 


4.0B+04 


4.0E+03 


4.0E+02 


4.0E+01 


4.0E+00 


«PV16 


Gt 


17.75 


21.04 


24.65 


27.85 


31.35 




SO 


0.41 


0.50 


0.52 


0.81 


0.95 


HPV31 


Ct 


18.78 


22.87 


26.55 


29.18 


33.73 




SD 


0,77 


1.64 


0.60 


0.84 


0.71 


IIPVIS 


Ct 


19.04 


21.43 


26.02 


28.82 


31.95 




SD 


1.88 


1.56 


1.59 


1.88 


1.70 


IIPV45 


Ct 


19.11 


22.15 


25.96 


29.23 


33.02 




SD 


0.64 


0,75 


0.84 


0.67 


0.57 



■ 
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Tabic 3. b) The varintion in Ct for difTcrcnt copy number of HPV types in Reaction 2. Values 
arc basetl on 12 independent ntcasurcmcats at each copy nombcr, * n» 11 





No. of HPV ooDics 


l.OE+06 


l.OE+OS 


1 0S404 




1 OF-tO? 




H1*V conies/ul 


4.0E*H>4 


4.0E+03 








HPV33 


Ct 


15 47 












SD. 


0.S4 


0.55 


0.87 


0.64 




1IPV35 


Ct 


20.88 


24.67 


27,69 


30.70 






SD . 


0.79 


0.94 


1.04 


1.00 




IIPV39 


Ci 


20,07 


23.94 


26.87* 


30.55 






SD 


1.27 


0.77 


1.3S 


1.02 




tIl»V52 


Q 


20.48 


24,10 


27.90 


30-84 






SD 


0.58 


0.60 


0.88 


0.53 




Hl*V58 


Ct 


20.85 


24.12 


27.58 


30.44 






SD 


0.62 


0.82 


0.94 


0.59 




KrV67 


Ct 


18.89 


22.22 


25.55 


27.93 


30.83 




SD 


0.67 


0.57 


0.8^ 


1.07 


0.42 



Table 4. The variation in a values for different amounts of genomic DNA. Tiie values ate 
based on 1 2 ntcasuremcnts at each copy number. 





DNA-amount 
(ng) 


100.00 


33.30 


10.00 


3.33 


1.00 


0.33 


O.IO 




ng/fil 


4.00 


1.33 


0.40 


0.13 


0.04 


0.01 


0.00 


Human DNA 


Ct 


21.33 


23.01 


24.88 


26.46 


28.21 


30.38 


31.44 




SD 


0.95 


0.80 


0.99 


0.80 


1.01 


0.67 


0.76 
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Table 5. Results of intra-laboratbry reprodacibility test. 





Technician 1. 


Techtticiaa 2 


Technician 3 


HPV16 


5/5 


5/5 


5/5 


IIPV31 


7/7 


7/7 


7/7 . 


HPV 18/45 


7/7 


7/7 


7/7 


IlPV33firoup 


7/7 . 


7/7 


7/7 


HPV39 


6/7 


(S/7 


7/7 


ifinnaa DNA 


14/14 


14/14 


14/14 



TnWc 6, Results of fte lot-to-lot labmatory rc^ducihiUty lest. 





r^ti 


Lot 2 


Lots 








IIPV16 


5/5 


5/5 


5/5 








rn»v3i 


7/7 


7/7 


7/7 








IIPV18/45 


7/7 


7/7 


7/7 








HPV33gTX)up 


7/7 


7/7 


7/7 








WPV39 


7/7 


7/7 


7/7 








ITaraan DNA 


14/14 


14/14 


14/14 








7. Results of Uic bvcc-timc rcptbducibih'ty test. 






Week 




1 


2 


3 


4 


HPV16 


5/5 


5/5 


5/5 


5/5 


HPV31 


7/7 


7/7 


7/7 


7/7 


HPVI8/45 


7/7 


7/7 


7/7 


7/7 


UPV33-eroup 


6/7 


7/7 


7/7 


7/7 


UPV39 


7/7 


7/7 


7/7 


6/7 


Human DNA . 


14/14 


14/14 


14/14 


14/14 
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Tabic 8. Comparison of the results using ciclraction method C and tiiie Nucliscxis kit. HPV 
lilcn; is not .nomializod with respect to santpte amoant. "^.^ IIFV types not delected with our 
assay. 



Piotocol C 

(Frcezing/Uofling) 





rtwioxallPV 


HPV 


IIPV 


HPV33 


Hinuan 


IIPV 


HPV 


irPV33 


Human 


no 


type 


16 


18/45 




DNA 


16 


18/43 




DNA 


1 


56* 


0 


0 


0 


0 


0 


0 


0 


0 


2 


16,4S,S8 


0 


390 


2.500 


0 


270 


1.400 


11.000 


100 


3 


52 


0 


0 


30 


30 


0 


0 


3.000 


ISO 


A 


16 


, 58 


0 


0 


0 


140 


0 


0 


1 


S 


ii 


0 


0 


19 


0 


0 


0 


612 


12 


6 


15.51* 


0 


0 


0 


0 


0 


0 


0 


40 


7 


52 


0 


0 


372 


3.1 


0 


0 


1J365 


6.5 


S 


51* 


0 


0 


0 


0 


0 


0 


0 


6.6 


9 


56* 


0 


0 


0 


0 


0 


0 


0 


9.1 


iO 


56* 


0 


0 


0 


0 


p 


0 


0 


250 


ii 


45 


.0 


800 


0 


0 


0 


16.490 


0 


97 


12 


33 


0 


0 . 


0 


0 


0 


0 


1.430 


l.lOO 


13 


? 


0 


0 


360 


0 


0 


0 


1.836 


5.1 


14 


45 


0 


22.5 


0 


3 


0 


21 


0 


14 


IS 


51V6* 


0 


0 


14 


0 


0 


0 


2.760 


690 



Naclisens extraction jvoiocol 
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CLAIMS 



I 



1 . A method for quanlitativo and qualitative dctanninalion of human 
papillomaviTUS G'U^V) in a sample eomprising iho stcp^ of: 

i) providitig w sample from a paticnc suspected to be infected by HPV, and optionally 
cxiracitng live nucleic ajcid of tiie sample; 

ii) divuUns the sample or nucleic acid from the sample in two or more sub-samples; 

iii) measuring, simiiltsincously, (he presence and amount of two or more viruses in one of said 
sub-samples by using a specific primer for amplification of each virus or group of viruses, 
whereby the primers are designed not to compete during the ampUfication-reaction, and a 
specific probe for each vims ot group of virases, whereby the probes are designed not to 
compete during the ampli(icatlon*reaction and tlie detection phase; 

iv) determining the amount of said sample by analysis oTa nuclear gene in a given amount of 
another of sutd sub-samples in a separate amplification reaction; and 

V) calculating the amount of each viras or group of viruses per amount of sample 
from the results of steps iii) and iv), 

2. A method accordmg to claim 1, wherein the amplilications in steps iii) and iv) 
are PGR amplincation. 

3 A method according to claims 1 or 2, which is a PCR-based fluorescent 5' 

cxonuclease assay. 

4. A method according to claims 1. 2 or 3, wherein the viruses in stop iii) are 
chosen from IIPV 16, IR, 31, 33, 35, 39, 45, 52, 58 and -67. 

5. A method according to any of the above claims, wherein HPV 16. 31, 18, 45 is 
detected and quantified in ono sub-sample and optionally HPV 33, 35, 39, 52, 58 and 67 is 
dcteclcd ami quanlificd in another sub-sample- 



6. A method according to any of the aliove claims, wherein tiio amotmt of a human single 
copy gene is delected and quantified in step iv). 
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7. . A nicUiod accontiog to claim 6, wherein the gcae is HUMPBGDA, Homo 
sapiens hydroxymcthylbilaoe synthase gene, accnr M9S623. 1 . 

8. A rhcthod aocording to any one of the above claims, which is for detection and 
diagnose of cervical caucer. 

A kit for detection and quantiflcation of human papillomavirus, comprising 

a) seven amplification primers and three probes for HPV 16, 31, 18, 45 according to l ablc 1 
and 2 ofthc specification; attd optionally 

b) seven ampUficaiion primers and three probes for HPV 33, 35, 39, 52, 58 and -67, according 
to Table I and 2 of tho specification . 

10. A kit according to claim 9, fimlier comprising 

c) two amplification primers and one probe, according to Table 1 and 2 of the specificadon, 
for detection and quanttficafion of the amount of a human single copy gene. 

11. A kit according to claim 10, wherein the gene is IJUMPBGDA, Homo sapiens 
hydfoxymcthylbilanc synthase gene, accnr M95623.1. 

12. A kit according to any of the claims 9-1 1, further comprising 

d) at least two diflcrent tlubrophores, 

13. A kit according to any of the claims 9-12, comprising 

a) seven amplification primers and three probes for HPV 16, 31, 18. 45 according to Table I 
nnd 2 of the specification; 

b) seven amplificaUon primers and three probes for HPV 33, 35, 39, 52, 58 and -67, accorfutg 
to Table I and 2 of the specification; 

c) two amplification primers and one probe, according to Table j and 2 of the specification, 
for detection and qoantificaUon of the amount of ahuman smgle copy gene; and 

d) three different flaorophores. 
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14. A kit accordins to any of the claims 9-13 for detection and diagnose of cervical 

cancer. 
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ABSTRACT 

Tiie present invention rclalos to a mefiiod and kit for quantitative and qualitative 
dclcnninailon of human pnpilloraaviras, HPV, in a sample. More precisely, for quantitative 
and qualitative determination of oncogenic HPV to predict the risk of HPV infeclioii resulting 
m cervical cnrciiioma. The method and kit enable simultaneous measurement of several 
oncogenic HPV types. 
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